Abstract BACKGROUND: Current dilemma working with surgically-induced OA (osteoarthritis) model include inconsistent pathological state due to various influence from surrounding tissues. On the contrary, biochemical induction of OA using collagenase II has several advantageous points in a sense that it does not involve surgery to induce model and the extent of induced cartilage degeneration is almost uniform. However, concerns still exists because biochemical OA model induce abrupt destruction of cartilage tissues through enzymatic digestion in a short period of time, and this might accompany systemic inflammatory response, which is rather a trait of RA (rheumatoid arthritis) than being a trait of OA. METHODS: To clear the concern about the systemic inflammatory response that might be caused by abrupt destruction of cartilage tissue, OA was induced to only one leg of an animal and the other leg was examined to confirm the presence of systemic degenerative effect. RESULTS: Although the cartilage tissues were rapidly degenerated during short period of time upon biochemical induction of OA, they did not accompanied with RA-like process based on the histology data showing degeneration of articular cartilage occurred only in the collagenase-injected knee joint. Scoring evaluation data indicated that the cartilage tissues in non-induced joint remained intact. Neutrophil count transiently increase between day 8 and day 16, and there were no significant change in other complete blood count profile showing a characteristics of OA disease. CONCLUSION: These study shows that biochemically induced cartilage degeneration truly represented uniform and reliable OA state.
Introduction
Recent progress in regenerative medicine focuses on agingrelated degenerative diseases [1] . Validating the efficacy of treatment regimen involves examination with animal model. However, aging-related disease models representing true disease mechanism are hard to establish. For osteoarthritis (OA), there are several animal models. Spontaneous OA models include the models developed by natural aging and the transgenic animals that are susceptible to OA disease [2] . Among these, OA model generated by natural aging can serve as best model for human OA condition because they produce most similar pathological degeneration found in human OA. However, long-term following to obtain the disease state can be a critical demerit of naturally induced OA model because of expensive housing cost and lengthy period of procedure limits flexibility of experimental design.
Animal model for OA can also be induced by surgical or biochemical method, which results in rapid progression compared with the model induced by natural aging. Among the surgically induced OA model, most commonly used model include transection of anterior cruciate ligament (ACL) and partial meniscectomy. After surgically-induced transection of ACL or meniscectomy, they need exercise session to fully induce cartilage degeneration after the surgery and this exercise session induce compromised structural integrity that leads to destabilized joint and articular cartilage degeneration. Although uniform extent of cartilage degeneration is needed for test of regeneration therapy, OA models induced by surgical damage on ACL or meniscus results in wide variety of degrees in the induced OA state.
Biochemically induced OA involves the injection of protease such as collagenase or papain directly into the cavity of articular joint [3] . In contrast to surgically induced OA model, biochemically induced OA model have several advantageous point in a sense that it can be established even with small animals such as rats and mice, and involves only a simple procedure, which is less invasive. Compared with surgically induced OA model, biochemically induced model shows high reproducibility and results in relatively homogeneous degree of pathological state. Also, biochemically induced OA can be more practically applied to large scale study because it is much easier to establish the model.
Even with those merits, critical concern existed about the pathophysiology of biochemical model for they might induce significant amount of inflammation and also may not represent naturally occurring OA state found in human [4] . Therefore, biochemical OA model mostly used to investigate the mechanism of arthritis pain [5] . In line with the concern that the biochemical model do not recapitulate human OA, characterization of biochemical model reported by Kikuchi [3] showed that the articular cartilage underwent gradual degeneration up to 6 weeks after collagenase injection, which might imply involvement of chronic inflammation resulting in rheumatoid arthritis (RA)-like pathophysiology. As animal model for RA is induced by systemic injection of type II collagen to provoke immune response [6] , abrupt degradation of articular cartilage during short period of time in Kikuchi's model might increase degradation fragments of type II collagen in circulation which mimic the RA model that might leads to immune response.
Discerning the difference of pathophysiology in animal model is very important because research focus of regenerative medicine puts weight not only on reconstructive therapeutic regimen [7] [8] [9] [10] but also preventive strategy before or at the onset of disease progression [11] [12] [13] [14] [15] [16] [17] . Therefore, understanding the subtle difference of disease mechanism and realization of rightful animal model is very important in the investigation of the therapy. In regenerative therapy for OA, focus should be made for reconstruction of physically damaged cartilage and true OA model should not accompany with systemic degenerative effect coming from inflammatory state. In this study, we aimed to clear the concern whether the biochemically induced OA model accompany systemic inflammation, and proved that degeneration of articular cartilage by collagenase injection resulted in only local tissue damage without acute systemic inflammatory response.
Methods

Materials
All chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise indicated.
Biochemically induced rabbit OA model
Female New Zealand white rabbits (weighting 2.0-2.5 kg; Central Laboratory Animal Inc., Seoul, Korea) were used for this study. Biochemical rabbit OA model was induced as described previously [3, 18] . Briefly, each rabbits were anesthetized and intraarticularly injected with 250 ll volume of saline or 4 mg/ml collagenase II in saline as indicated in the results. The injection was repeated after 3 days as indicated in Fig. 1A . Rabbits were sacrificed at the indicated interval to examine the induced OA state. The knee thickness was measured with Vernier calipers at the thickest point of the knee joint-thickness between medial and lateral epicondyle of femur and tibia-before dissecting knee joint. Blood were withdrawn from portal vein to test complete blood count (CBC) with cell counter analyzer MS9-5V (Melet Schloesing Laboratories, Osny, France). Normality of each blood cell count was determined based on previous literatures [19] [20] [21] .
Histological analysis
Knee joint tissues fixed with 4% paraformaldehyde in PBS were subjected decalcification using 0.25M EDTA. EDTA solution was changed every day for the first week and then changed every other day until all bones were decalcified. Scalpel was used to test the softness of bone tissue. Decalcified knee joints were dissected, and medial side of the femoral condyle was collected for tissue processing. Paraffin-embedded tissues were subjected to tissue section in 4-6 lm thickness. Sectioned tissues were stained with hematoxylin and eosin (H&E) to examine tissue morphology.
Immunological staining
For immunological staining, deparaffinized sections were rehydrated with PBS before quenching endogenous peroxidase activity with H 2 O 2 . Sections were blocked with 20% normal goat serum (Dako, Gostrup, Denmark) in PBS and incubated with primary antibodies against type I collagen (Abcam, Cambridge, UK) and type II collagen (Abcam) overnight at 4°C. After primary antibody binding, sections were washed three times with PBST and incubated with secondary antibodies conjugated with horseradish peroxidase (Bio-Rad Laboratories, Hercules, CA). Horseradish peroxidase-conjugated antibodies were detected by incubating the sections with 3,3 0 -diaminobenzidine tetrahydrochloride (DAB) using DAB substrate kit (Vector Laboratories, Burlingame, CA) with nickel for dark color development. Sections were counterstained with hematoxylin and observed under light microscope (Olympus, Tokyo, Japan).
Evaluation of cartilage degeneration by histological grading
For histological grading, tissue sections immunologically stained against type I and type II collagen as well as H&E stained sections were subjected to blind evaluation by 3 investigators using the histological grading scale as presented in Table 1 . The histological grading criteria for evaluation of articular cartilage degeneration were modified from the histological grading scale described by Wakitani et al. [22] to examine the disease progression in OA animal model disregarding uncollectable component such as pain. The histological grading scale comprises 4 categories, which determines the intactness of tissues in terms of multi-layer structure, cellularity, regularity of cartilage tissue surface, and presence of cartilage-specific matrix molecules. Each category was compared separately to investigate the tissue state after OA induction.
Statistical analysis
Differences among multiple groups were analyzed using analysis of variance (ANOVA) in conjunction with a Tukey-Kramer multiple comparisons test (InStat; GraphPad Software Inc., San Diego, CA). Differences between two data points were analyzed by t test. Statistical significance was accepted at p values \ 0.05. All experiments were repeated at least three times. 
Injection of collagenase II induced local tissue damage without degenerative effect in other tissues
Collagenase II was injected only on the right-side knees of rabbits and saline was injected to the left side knees to induce OA in only one leg of each rabbits. Four days after the final injection, occurrence of edema was evident on collagenase II-injected right-side knee, while saline-injected left side knee didn't show any indication of edema. OA-induced right side knee was average 9.05 ± 2.38% thicker compared with the saline-injected knee at all time point as shown in Fig. 1B . To check if there was degenerative inflammatory response induced by collagenase injection, histological morphology of joint cartilage collected from saline injected knee and collagenase injected knee was compared. The collagenase II injection caused its degenerative effect on the articular cartilage of the knee joint, and the degenerative effect was shown only in the injected site. Eight days after the OA induction, increased surface roughness was evidently shown in the histology of femoral articular cartilage in collagenase-injected knee, while no difference was seen in the saline-injected knee of each same rabbits (n = 3). The degree of surface roughness in collagenaseinjected knee kept increasing along the time course up to 21 days upon OA induction, while there was no evident degeneration seen in saline-injected knee (Fig. 2) .
Type I collagen-positive superficial layer
was degenerated in biochemically induced OA while no tissue-destructive effect was shown in saline-injected knee
To identify the degree of degeneration caused by collagenase injection, tissue sections of femoral condyle parts were subjected to immunohistochemical staining against type I collagen and type II collagen. In articular cartilage, distribution of each extracellular matrix (ECM) molecules comprise distinct depth-dependent structure. Type I collagen is highly expressed in the superficial layer comprising outermost fibrous barrier of articular cartilage. Maintaining intact type I collagen-positive superficial layer is important to keep healthy cartilage tissue from degeneration, because compromised superficial fibrous layer can lead to further damage of articular cartilage. In collagenase-injected knees, type I collagen-positive outermost layer was disappeared at day 8 after the OA injection, while salineinjected knees showed typical thin outermost expression pattern of type I collagen (Fig. 3A) . At 16 and 21 day after the OA induction, type I collagen expression was slightly seen in outermost region of articular cartilage in collagenase-injected knees. However, cellular structure indicate that flattened fibrous morphology of outermost cells are still absent and the middle layer is exposed in collagenaseinjected knees (Fig. 3A) . The normal expression pattern of type II collagen spans through all the layers in articular cartilage, and it shows gradual decrease near the deep zone. The expression of type II collagen in saline-injected leftside knee showed normal expression pattern, while in collagenase-injected right-side knee showed drastically decreased expression (Fig. 3B ).
Comparative evaluation of cartilage tissue degeneration
The articular cartilage tissue in each rabbit were meticulously compared between collagenase-injected right-side knee and saline-injected left-side knee using the histological grading criteria for evaluation of cartilage degeneration state. The grading criteria was composed giving weight on the intactness of multilayer structure to distinguish the tissues based on the degradation state. The scores of salineinjected left-side knee indicated normal tissue composed of 3 layers-superficial layer, middle zone, and deep zonewhile that of collagenase-injected right-side knee showed significantly low scores indicating severely degenerated cartilage tissue. The scores indicating multi-layer structure (Fig. 4A) indicate that the cartilage tissues from the collagenase-injected knee showed more than superficial layer missing and part of middle zone was also degenerated (Figs. 3, 4A ). In the collagen-injected knees, the number of layers showing normal cellularity was less than 2 layers (Fig. 4B) , surface regularity was significantly irregular Fig. 2 Comparison of cartilage tissue histology between salineinjected and collagenaseinjected femoral condyle tissue section. In a rabbit, left-side knee was injected with saline and right-side knee was injected with collagenase to induce OA model and confirm the effect of OA progression on systemic catabolic state of cartilage tissues in remote site (n = 3, bar = 100 lm) Fig. 3 Immunohistochemical analysis on expression of type I and type II collagen. In each rabbit, left-side knee and right-side knee was injected with saline and collagenase, respectively. The articular cartilage was subjected to immunohistochemical staining against A type I collagen and B type II collagen to check the state of tissue degeneration (n = 3, bar = 100 lm)
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( Fig. 4C) , and the cartilage-specific matrix was impaired both in their expression pattern and intensity (Fig. 4D) . These results indicate that induction of OA by local injection of collagenase worked only on the local tissue without affecting remotely located tissues.
Complete blood count analysis after biochemical OA induction do not indicate systemic inflammation
Complete blood count (CBC) was analyzed to confirm the presence of systemic inflammatory condition. The count of platelet and white blood cells (WBC) normally ranges between 150-450 and 4-10 K/ll, respectively [20] . As presented in Fig. 5A , B, the count of platelet was slightly on the upper limit of normal ranges and WBC was within the normal range. The lower and upper limit of monocytes are 3-4 and 7-10%, respectively, and the count of monocytes are within the normal ranges (Fig. 5C ). Considering the fact that count of neutrophils is normally within 45-62% of WBC, the neutrophil count was slightly lower than normal range (Fig. 5D ). Basophiles and lymphocytes were within normal range, which are 0-2 and 16-33% of WBC, respectively (Fig. 5E, F) . The blood cell count results indicate that there was no significant change in WBC profile except transient and slight increase in neutrophil at day 8 and day 16, and this coincides with characteristics of OA disease. These study shows that biochemically induced OA do not accompany RA-like phenomenon. Fig. 4 Comparison of the histological grading scores of salineinjected knee and collagenase-injected knee in each rabbit at indicated time points. The grading criteria is presented in Table 1 .
A Scores in multi-layer structure covers from the state no layer is remaining (score = 0) to intact 3 layers remaining (Superficial, transitional, and radial layer; score = 6). The statistical difference between groups were analyzed by two-way ANOVA with p value less than 0.0001. B Scores in the criteria for presence of cells covers from the state no cell is remaining (score = 0) to every layer showed cellularity (score = 3). The statistical difference between groups were analyzed by two-way ANOVA with p value less than 0.0001. C Scores in the criteria for surface regularity covers from the state all the surface is severely irregular (score = 0) to all the layer is smooth (score = 3). The statistical difference between groups were analyzed by two-way ANOVA with p value less than 0.0001. D Scores in the Cartilage-specific matrix covers from the state showing extremely low expression of matrix (score = 0) to the state showing normal pattern and intensity of depth-dependent structure (score = 3). The statistical difference between groups were analyzed by two-way ANOVA with p value less than 0.0005
Discussion
Selecting rightful animal model to validate the efficacy of therapeutic agent has massive importance. If the therapeutic regiment aims on regeneration of damaged tissues, the animal model should represent end stage of tissue degeneration. However, if the therapeutic agent aims on prevention of tissue degeneration at its early state of disease onset, the animal model's tissue degeneration mechanism should be appropriate to the treatment strategy. In the previous report describing biochemically induced OA model, cartilage tissue showed gradual degeneration up to 6 weeks [3] . Since the activity of injected collagenase might have lasted for only a short period of time, it was suspected that inflammation was caused by initial collagenase injection and then caused further tissue damage. Traditionally OA has been defined as a non-inflammatory pathological process. However, it is more probable that onset of articular cartilage damage should accompany certain amount of inflammation during brief period [23] . However, if the massive breakdown of cartilage tissue induced by biochemical method accompany chronic and systemic inflammatory response, the model represents RAlike state and might not suitable to be used for examining tissue engineering approach.
The results in this study showed that the occurrence of edema and the cartilage tissue degeneration were localized only to the collagenase-injected knees along the time course up to 6 weeks. The other side of knee was injected with saline to test the presence of degenerative effect, which might be caused by RA-like systemic inflammatory response. The knee joint form saline-injected side did not show any sign of edema or cartilage tissue degeneration implying that there was no systemic degenerative effect. The blood cell count in the CBC analysis did not indicate inflammatory condition nor it did not increase along the time course. Far from being rheumatoid arthritis-like condition. Our results showed that cartilages were rapidly degenerated during short period of time by biochemical mechanism, and they did not accompany with RA-like process based on the fact that the cartilage tissues on noninduced side remained intact.
Therefore, biochemically induced OA model can be safely applied to test efficacy of regenerative therapy. However, care should be taken because the OA model induced by local injection of collagenase produce only half-thickness wound on articular cartilage at its most. It is desirable to use biochemically induced OA model to investigate the efficacy of therapeutic agent aimed on prevention of cartilage degeneration during early onset of OA disease. In this study, the pathological state of biochemically induced OA model was investigated and was confirmed as not involving RA-like immune response. Our results based on histological analysis and CBC profile show that biochemically induced cartilage degeneration truly represent reliable OA state in reproducible manner. 
